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ABSTRACT 

The present invention provides an implantable sustained 
release immunosuppressive drug comprising 1 to 200 parts by weight of 
a nonionic surfactant and 0.1 to 100 parts by weight of a fat-soluble 
immunosuppressive agent combined with 100 parts by weight of a 
bioabsorbable aliphatic polyester. When implanted in such a manner 
that it is brought into intimate contact with a lymph duct, the 
sustained-release preparation of the present invention can effectively 
transfer the immunosuppressive agent in the preparation into the lymph 
duct according to a desired sustained release profile, 



WHAT IS CLAIMED IS: 

1. An implantable sustained release immunosuppressive 
drug comprising 1 to 200 parts by weight of a nonionic surfactant and 
0.1 to 100 parts by weight of a fat-soluble immunosuppressive agent 
combined with 100 parts by weight of a bioabsorbable aliphatic 
polyester. 

2. A sustained release immunosuppressive drug of claim 1 
wherein the bioabsorbable aliphatic polyester is an aliphatic polyester 
selected from polyglycolic acid, polylactic acid, and glycolic 
acid-lactic acid copolymers. 

3. A sustained release immunosuppressive drug of claim 1 
wherein the immunosuppressive agent is cyclosporin. 



DESCRIPTION 

Implantable Sustained Release Immunosuppressive Drug 
THE FIELD OF THE INVENTION 

The present invention relates to an implantable sustained 
release preparation of a fat-soluble immunosuppressive agent which 
exhibits a desired sustained release profile in vivo. More specifically, 
it relates to an implantable sustained release preparation which 
comprises a fat-soluble immunosuppressive agent and a nonionic 
surfactant combined with a bioabsorbable aliphatic polyester. 
BACKGROUND ART 

Immunosuppressive agents such as cyclosporin, azethioprine, 
and prednisolone suppress rejection in organ transplantations. These 
immunosuppressive agents directly act on immunocompetent cell 
populations existing in the lymphatic system and cause suppression of 
immunological functions by killing the cells or impairing their 
functions. Although such agents are conventionally administered as 
injectables or oral drugs, there have been two major problems as 
follows. First, in spite of the fact that it is desirable to administer the 
agents continuously during a certain period, they have a narrow margin 
of safety, and overdoses cause myelosuppression and/or renal 



dysfunction, while underdoses do not produce sufficient effect. 
Secondly, the agent is so poorly transferred by conventional methods of 
administration into the lymphatic system that its effects are insufficient 
and increased concentrations of the agent in other organs induce side 
5 effects. 

In order to address such problems, it has been proposed that, 
instead of using these fat-soluble agents as an oil-based preparation as 
before, for example, as a dispersion in olive oil, sesame oil, or the like, 
they should be orally administered as a drug in which the agent is 
10 dispersed in water using a surfactant, to facilitate their absorption from 
the gastrointestinal tract and to greatly enhance their lymphotropism 
(Japanese Patent Publication (Tokkaisho) No. 28043 5/1986). 
Alternatively, a soluble powder preparation has also been proposed in 
which the agent is intimately mixed with a medically acceptable 
15 surfactant soluble in an organic solvent and an organic solvent-soluble 
substance solid at ordinary temperature (Japanese Patent Publication 
(Tokkaisho) No. 38029/1989). In light of the above problems 
associated with immunosuppressive agents, a highly controlled 
sustained release preparation which provides a high transfer rate into 
20 the lymphatic system and releases the agent in such a manner that the 



5 



concentration of the agent is maintained at a certain level or more 
during a certain period is desirable as an effective method of 
administering immunosuppressive agents. 

A sustained release preparation has been developed which 

5 comprises a pharmacological agent combined with a bioabsorbable 

aliphatic polyester as a base. Bioabsorbable aliphatic polyesters are 
polyglycolic acid, polylactic acid, glycolic acid-lactic acid copolymers 
and compositions thereof, and they are suitable as a base for a 
pharmacological agent, since these aliphatic polyesters are degraded in 

10 vivo into harmless products and absorbed into or excreted from the 
body. In the cases where such material is to be used as a base for a 
pharmacological agent, properties required are, for example, 
biocompatibility and in vivo degradability, and especially for a material 
impregnated with a pharmacological agent or the like, controlled 

15 release properties which allow the agent to be released from the base 
within a certain period are also regarded as important. 

Specifically, since preparations simply comprised of a 
bioabsorbable aliphatic polyester and a pharmacological agent may not 
release the agent in a manner that meets requirements for producing a 

20 desired therapeutic effect, a sustained release preparation of which 
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release profile is adapted to its therapeutic goal is developed in a 
careful and strict way according to the chemical properties of the agent 
and to the therapeutic goal. Such sustained release preparations 
formulated in the form of granules which comprise a bioabsorbable 

5 aliphatic polyester, fat-soluble additives, and a pharmacological agent 
have been proposed {e.g. Japanese Patent Publication (Tokkaisho) Nos. 
065211/1983 and 063613/1986). 

These sustained release preparations have been improved so 
as to refine the sustained release profile of granular sustained release 

10 preparations which comprise a bioabsorbable aliphatic polyester and a 
pharmacological agent, and these microspheres are intended to be used 
for maintaining the drug effect during a certain period by introducing 
them into blood and allowing the agent to be gradually released from 
the microspheres. For immunosuppressive agents, however, any 

15 administration method which provides sufficient transfer of the agent 
into the lymphatic system, or any sustained release preparation which 
enables us to continuously administer the agent at a dose in the safety 
range during a certain period has not yet been developed. 
PROBLEM TO BE SOLVED BY THE INVENTION 

20 An object of the present invention is to provide a sustained 
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release immunosuppressive drug having highly controlled sustained 
release profile which provides effective transfer of the 
immunosuppressive agent into the lymphatic system and are capable of 
gradually releasing the agent to give a desired concentration range 
5 during a desired period. The present inventors concentrated their 
efforts on solving these problems and found that release of an 
immunosuppressive agent can be adjusted so as to have a desired 
sustained release profile and the agent can also be efficiently 
transferred into the lymphatic system by molding a matrix comprising a 
10 bioabsorbable aliphatic polyester, a nonionic surfactant, and an 

immunosuppressive agent into a shape capable of intimate contact with 
thymus and implanting the shaped article. The present invention has 
been completed based on this finding. 

Thus, the present invention is a molded implantable sustained 
15 release immunosuppressive drug comprising 1 to 200 parts by weight of 
a nonionic surfactant and 0.1 to 100 parts by weight of a fat-soluble 
immunosuppressive agent combined with 100 parts by weight of a 
bioabsorbable aliphatic polyester. The sustained release 
immunosuppressive drug of the present invention is characterized in 
20 that the matrix comprises a fat-soluble immunosuppressive agent and a 
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bioabsorbable aliphatic polyester as a base along with a nonionic 
surfactant further added thereto, and is also characterized in that it is 
an implantable sustained release preparation molded into a shape 
adapted to a specific organ such that when implanted in intimate 
contact with the specific organ, the molded article allows effective 
transfer of the agent into the lymphatic system and also allows to 
control the duration of sustained release. 
MEANS FOR SOLVING PROBLEM 

The present invention is a sustained release preparation 
prepared by molding a matrix comprising a bioabsorbable aliphatic 
polyester, a nonionic surfactant, and a fat-soluble immunosuppressive 
agent. A nonionic surfactant used in the present invention is a 
medically acceptable nonionic surfactant and examples are glycerin 
fatty acid esters, polyglycerin fatty acid esters, polyoxyethylene 
sorbitan fatty acid esters, polyethylene glycol fatty acid esters, 
polyoxyethylene castor oil, hydrogenated castor oil, polyoxyethylene, 
alkyl ethers, polyoxyethylene polyoxypropylene alkylene ethers, and 
the like. In particular, polyoxyethylene castor oil and hydrogenated 
castor oil are preferred. 

Although the amount of the nonionic surfactant to be used is 



appropriately determined taking into account the type of the 
immunosuppressive agent and the release rate dependent on the mode of 
administration, it is usually from 1 to 200 parts by weight and 
preferably from 10 to 100 parts by weight in relation to 100 parts by 
5 weight of the bioabsorbable polyester. In general, the amount of the 
nonionic surfactant used should be increased in the cases where the 
release profile of the immunosuppressive agent is to be such that the 
agent is released at a high concentration in a short period, and the 
amount should be decreased in the opposite cases. A bioabsorbable 

10 fatty acid polyester used in the present invention is poly-L-lactic acid, 
poly-DL-lactic acid, or a lactic acid-glycolic acid copolymer. 
Preferably, the poly-L-lactic acid has a molecular weight in the range 
of 10,000 to 200,000, and for poly-DL-lactic acid, an intrinsic viscosity 
is preferably about 0.6 to 1.2 (measured at 25°C in chloroform). 

15 A fat-soluble immunosuppressive agent used in the present 

invention is an agent that has a beneficial effect on the lymphatic 
system which can suppress immunological functions of 
immunocompetent cell populations existing in the lymphatic system. 
Examples of immunosuppressive agent include cyclosporin, 

20 azathioprine, and prednisolone. These fat-soluble immunosuppressive 
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agent are combined with 100 parts by weight of a bioabsorbable fatty 
acid polyester at an amount in the range of 0.1 to 100 parts by weight. 

An implantable sustained release immunosuppressive drug of 
the present invention is a drug molded into a solid form using a matrix 
in which a nonionic surfactant, a bioabsorbable fatty acid polyester, 
and fat-soluble immunosuppressive agent described above are mixed at 
respective amounts described above. Although the shape of the drug 
is not specifically restricted as long as it has dimensions and a shape 
which allow the drug to be implanted in intimate contact with thymus, a 
lymphatic organ involved in production of immunocompetent cells, 
drugs in the form of plate, half-cylinder, or film are preferred. Such 
sustained release immunosuppressive drugs of the present invention 
may be prepared according to the usual methods. For example, 
desired amounts of a bioabsorbable aliphatic polyester and a nonionic 
surfactant are completely dissolved in an organic solvent such as 
methylene chloride, and to the solution thus obtained, an 
immunosuppressive agent is further added. The resulting solution is 
then poured into a die having an appropriate shape and the solvent is 
evaporated off to yield an implantable sustained release preparation. 
EXAMPLES 
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Example 1 

In a beaker, 50 mg of a copolymer of 50:50 glycolic 
acid-lactic acid (having a intrinsic viscosity ~ 0.50 measured at 
25°C in chloroform) was dissolved with stirring in 15 g of methylene 

5 chloride, and 75 mg of HCO-60 (a polyoxyethylene hydrogenated castor 
oil manufactured by Nikko Chemicals; HLB=14) and 10 mg cyclosporin 
A (Sandoz) were then added to give a solution. An aliquot of the 
solution was poured into a half-cylindrical die prepared by cutting a 
Teflon tube (2 mm x 15 mm) along with the centerline of the circle, and 

10 dried under reduced pressure at room temperature to yield a 

quarter-cylindrical (2 mm q> x 15 mm) molded article having a weight 
of 25 mg. 

Comparative Example 1 

Another quarter-cylindrical molded article having a weight of 
15 25 mg was prepared according to the same procedures as in Example 2 
except that no HCO-60 was added. 
Example 2 

The molded articles of Example 1 and Comparative Example 1 
were each used as they were to conduct elution tests. Each article was 
20 put into physiological saline containing 0.5% Tween 80, and 1 to 3 ml 
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of the solution was directly sampled at the time of measurement, and 
measured for its absorbance at 210 nm. The relationship between 
elapsed time and percent release calculated from the absorbance 
obtained above is shown in Fig. 1. 

5 Reference Example 1 

The implantable sustained release preparations obtained in 
Example 1 and Comparative Example 1 were each used to examine their 
effect on graft survival period after heart transplantation in rats. Ten 
Wister rats were divided into two groups (each consisting of 5 animals), 

10 and hearts from Buffalo rats were heterotopically transplanted into 

abdominal cavities of all Wister rats. Each group was then received 
the following treatments: 

Group 1: The implant of Comparative Example 1 was fixed with a 
surgical suture in such a way that the drug was brought into intimate 
15 contact with the thymus. Simultaneously, 5 mg/kg cyclosporin A was 
intravenously injected. 

Group 2: The implant of Example 1 was fixed with a surgical suture in 
such a way that the drug was brought into intimate contact with the 
thymus. Simultaneously, 5 mg/kg cyclosporin A was intravenously 
20 injected. 
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For each group, the graft survival periods were determined, 
and the results are shown in Table 1. 
Table 1 



Rat Group 


Graft Survival Period 
(days) 


Average Graft Survival 
Period 
(days) 


1 


7, 7, 7, 8, 9 


7.6 ± 0.9 


2 


10, 16, 21, 22, 36 


21.0 ± 9.6 



As apparent from the above results, when the preparation of 



Comparative Example 1 employing no HCO-60 was used, the graft 
survival period (in days) was short because release of cyclosporin A 
was not accelerated and therefore immunological functions were not 
suppressed. On the contrary, the preparation of the present invention 
employing HCO-60 improved the sustained release profile of 
. cyclosporin A as shown in Fig. 1, and thereby prolonged the graft 
survival period (in days) remarkably. 
OPERATION AND EFFECT OF THE INVENTION 

In an implantable sustained release immunosuppressive drug 
of the present invention comprising a bioabsorbable aliphatic polyester, 
a nonionic surfactant, and a fat-soluble immunosuppressive agent, the 
nonionic surfactant added to the bioabsorbable aliphatic polyester 
forms a matrix containing the immunosuppressive agent dissolved 
therein and thereby prevents precipitation of the agent during 
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preparation. Such matrix in which the agent is homogeneously 
dissolved allows the immunosuppressive agent in the sustained release 
preparation to be efficiently transferred into the lymph duct according 
to a desired sustained release profile, when molded into an implantable 
5 shape which allows intimate contact with an organ in the lymphatic 
system, especially thymus, and implanted in such a manner that it is 
brought into intimate contact with the organ in the lymphatic system. 

By appropriately selecting the type and the ratio of the 
nonionic surfactant used in the sustained release preparation, the 
10 duration of sustained release and the amount of sustained release, that 
is, the sustained release rate may be controlled as desired, and the 
sustained release properties of the drug can be properly regulated with 
the cooperation of the sustained release capability of the bioabsorbable 
polyester itself. In addition, the nonionic surfactant also produces, 
15 after sustained release of the agent, an absorption promoting effect so 
that the agent may easily permeate into thymus and lymphatic glands to 
keep the concentration at the site of action constant, thereby allowing 
the immunosuppressive agent to properly maintain and sufficiently 
produce its pharmacological effects in the lymph duct. Furthermore, 
20 by using an implantable sustained-release immunosuppressive drug of 
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the present invention, one may reduce myelosuppression and/or renal 
dysfunction associated with such medications as compared with 
conventional methods by injection or oral administration. Moreover, 
since bioabsorbable aliphatic polyesters undergo hydrolysis, they will 
not remain in the body without the need of removing them out of the 
body. Thus, sustained release preparations of the present invention 
will greatly contribute to the medical field. 
BRIEF DESCRIPTION OF DRAWING 

Fig. 1 shows the relationship between percent release of 
cyclosporin A and elapsed time for the sustained release preparation 
obtained in Example 1 which contains cyclosporin A. 



